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TECMICAL NOTE NO. I385 


STRESS-SmiN AND ELONGATION GRAPHS FOB AlCjLAD ALIMSlEMLLOy 75S-I SHEET 

By James A, Miller 


Sm^MARI 


Besulte of teste on duplicate longitudinal and transverse specimens 
of Ale lad altffiilnun-aiJ^oy 75S-T sheets with ncml'tml thlclsnesses of 0,032# 
0.064, and 0.125 inch are presented in the following fom: 

Tensile and ccn?»resslYe stress~straln graphs and stress-*deviation 
graphs to a strain of about 1 percent 

Graphs of tangent modulus and of reduced moduliAS for a reotaagu3.ar 
section against strain, in oompreeeion 

Stress-Strain graphs for tensile specimens tested to.-failure 

Graphs of local elongation and elongation against gage length for 
. textile speolmenB tested to fractxa:*e 

The stress— strain, stress-deviation, tangent-modulus, and reduced- 
modulus graphs are plotted on a dlmensio:^ess basis to make them applicable 
to material with yield strengths which differ frem those of the test speci- 
mens. 


INTHODUCTIpN 


The pi'esent report is the second of a series presenting data on high- 
strength aluminum-alloy sheet. The data are in the fosmi of tables and 
graphs similar to those in the first report of the series on aluminuia- 
alloy H3OI sheet (reference 1) . The graphs are presented in dimensionless 
form to make them applicable to sheets of these materials with yield 
strengths which differ frem those of the' test specimens. All data are 
given for duplicate epeolmens. 

The repo;rt gives .the results of tests cn Alolad aluminum-alloy 75S-T 
sheet in thloknijsseB ^ O.O32,, O.O^t, and 0,125 inch, furnished by t]^e 
Alimlauin Cempany. of America. , ' " 
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The author e^qpresses liis appraolation to Mr. P. L. Peach and Mrs. P. V. 
Jeicohs, who assisted in the testing and in the preparation of the graphs. 

This investigation^ conducted at the National' Bureau of Standards, 
was sponsored hy and conducted with the financial assistance of the 
National Advisory Coimnittee, for Aeronautics. 


MATERIAL 


The sheets were of AlclaA aluniinum alloy 75 S in the heat-treated (T) 
condition, as furnished hy the manuf ac tinker . The nominal thickness of the 
cladding on each side was h percent of the sheet thickness; 


BIM61NSI0NLESS BATA 
Test Procedure 


Tensile tests were made on two longitudinal (in direction of rolling) 
specimens and on two transverse (across direction of rolling) specimens 
from a sheet of each thickness. The specimens corresponded to specimens 
of type 5 desorihed in reference 2.- The specimens were tested in a heam- 
and-poise, screw-type, machine of 50 — kip capacity hy using the 5 ~kip rai;ge. 
They were held in Templin gripS'. The strsdn was measured with a pair of 
1— inch Tuckerman optical strain gages attached to opposite sheet faces of 
the reduced section. The rate of loading was about 2 ksl per minute. 

Compressive tests were made on two longitudlimil and two transverse 
specimens from each sheet . The specimens were rectangular strips 0 .50 
inch wide hy 2.25 inches long. The compressive speciijiens were tested 
between hardened-steel hearing blocks in the subpress described in 
reference 3 . The loads were applied by the testing machine that was used 
for the tensile teste.. Lateral support against premature buckling was 
furnished by lubricated splid guides, as described in reference it-. The 
strain was measured with a pair of 1— inch Tuckerman optical strain gages 
attached to opposite, edge., faces of -the specimen. The rate of loading was 
about 2 ' ksi 'per ;^nute.'.'- 


Tost Results 

The results of the .tensile .andi.cpmpressive testa are given In table . 
I. Each value of' Young’s modulus in the table was taken as the slope of 
a least-square straight line fitted to the stress-strain curve at stresses 
below the point where the cladding started to yield. The modulus was 
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"based on a ntmiber of points .four -to eight times the number of ppints 
shown: on the- graphs for that portlop of the curves. ' The yield. Btre^the 
determined by the offset method were obtained fi-om the stfess-strain 
curves and the experimental values of Young *s modulus. The yield strengths 
determined by the secant ^thod were obtained from, the stress-strain curves 
and values of secant modulus 0.7 and O.85 times the experimental values of 
Young *s modulus. 


Stress-Strain Graphs' 

The stress-strain graphs are plotted in dimensionless form ini fig- 
ures 1 to 6* The coordinates.. e in these graphs are defined by 

I ! 

~ Si 

where ' . 

s stress corresponding to strain "e 
'si ■ secant yield strength (O.TE) 

E ' Young*s modulus 

Composite dimensionless stress— strain ^aphs idiich show the bands 
within, thich. lie the data for tests of a given .kind and a given direction 
■in the sheet' are shown in figures 7 and. 8. The maximum width of band in 
terms of cr is O.035 in tension and 0,025 in ccnpression. Each bapd 
represents data for six specimens; the widths might have been greater if 
teste had been made on a larger number of specimens. A part of the devia- 
tion of the curves from affinity may be at-fcributed to experimental varia- 
tion in the values of Young *s modulus which were obtained from a relati-reOy 
small region of each curve and a part to small variations in the thickness 
of the cladding. ’ ’ ' ' , 


B 

a a 

■ Si 


Stress— Deviation Graphs _ .-■ ■■ 

Dimensionless s-tress-deviation graphs are shown in figures 9 to l4. 
The ordinates are the same as those used for the stress-strain graphs. 

The abscissas are the corresponding values of 6 = <• - a. All the curves 
intersect at the point 0 =? 1, 6 » 3/7^ which corresponds to the secant 

yield Bta-ength (O.TS). This point is -indicated on' the graphs by a: short 
vertical line . , ' ' • ■ • 



k 


NACA TN No. I385 


!Ehe graphs were plotted on Iqgari-thmlc paper to indicate that portion 
Qf the stress-strain curves which can he represented hy the analytical eac— 
pres Sion given in reference 5. 



This relation holds when the plot of deviation against stress on logarith- 
mic paper is a straight line^ hecanse 


or 



log K + n log :r. 

” E 


log (e — O’) s Ic^ K 



n-1 


+ n log o 


Each graph has a pronounced knee. It follows that the stress-strain 
graphs of the sheets, which have a cladding that yields at a contparatively 
low stress, cannot he accurately represented hy a single analytical ex- 
pression of the foregoing type. Most of the graphs can he approximated 
hy two straight lines reprosented hy two equations of the foregoing type 
with different sets of constants. Only the graphs for longitudinal com- 
pression show good agreement with a straight line for values of 
s/si > Sa/sx; where sa 1b the secant yield s'trength (O.S^S); values of 
Sa/sx are shown in each figure. Table I gives values of sx/sa for all 
specimens to indicate the sharpness of the knee of the streas-s'traln curve 
and to aid in ohtalning an average value of tbe parameter n from’figtire 
10 of reference 5* 


Tangent Modulus Graphs 

Dimensionless graphs of tangent modulus against strain for the com- 
pressive specimens are shown in figures 15 to 20. Hie ordinates are the 
ratios of tangent modulus to Young’s modulus. Each value of tangent 

mcd’ul'us was taken as the ratio of a stress increment to its strain incre- 
ment for the successive pairs of points showi in the stress-strain graphs. 
The ahsciesas are the mean values of c for the strain Increments. 

The graphs, for the 0,c6i(— and 0.125'^^ch spec linens show a well-defined 
region of constant "secondary” modulus at inteimedla-te strains . The sec- 
ond^ moduli were about 95 and 92 percent of the Young’s modulus for the 
• Cd 4-^ and 0,12 5*toch stioets^ respectlTeXy. In the corresponding region 
for the 0,032— inch sheet, values, of secondary modulus were not constant 
hut decreased gradually with increasing strain. The nominal value of 
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secondary modulus^ Tsased on the nomlftal percentage of the sheet thickness 
for the core material, is 92 percent of the Young’s maiulus. 

The observed differences of secondary modulus account for much of ■ 

the spread in the bands of tangent modulus shown in figure 21. -The 

maximum spread in values of iaO. 065. An example of the use of the 

graphs of tangent modulus against strain is given in the first report of 
this series (reference 1) . 


Reduced Modulus Graphs 

Dimensionless graphs of reduced modulus against strain are shown in 
figures 22 to 2h. The ordinates are the ratios of reduced modulus for a 
rectangular cross section Ej, to Young's modulus, and the abscissas are- 

the corresponding values of The curves were, derived from the corre- 

sponding curves of tangent modulus against strain by using the formiilai" 

Er ^ 

® (1 + 

The limits of the dimensionless graphs of reduced modulus against strain 
are shown in figure 25. The maximum spread in values of E^/E is 0.055* 


TENSIIE STRESS -STRAIN TESTS TO FAIEURE 
Procedure' 


Tensile tests to failure were made on two longitudinal and two 
transverse specimens from a sheet of each thickness. The specimens cor- 
responded to specimens of type 5 described in reference 2., The testa 
were made in fluid-support, 'Bourdon-tube, hydraulic testing ms-chines 
having Tate-Emery load indicators. The specimens were held in Templin 
grips. They were tested at a cross -head speed of about 0.1 inch per 
minute. Autographic load-extension curves were obtained ■vTlth a Templin 
type stress -strain recorded by using a Peters 'Averaging total -elongation 
extensometer with a 2-inch gage length and a magnification factor'.of 25. 
Stresses based on the original cross section and corresponding strains 
based on the original gage length were determined from these curves , 

The data for the portion at and beyond the knee of each cu3rvo were combined 
with corresponding stress-strain data on duplicate specimens on which strain 
had been measured with Tuckerman optical strain gages, 
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Stress— Strain Graphs 

The resulting stress— strain curves are shown in figures 26 to 28. 
Talues of tensile strength and elongation in 2 inches are given in the 
tables in each figure. The values of elongation usuallj corresponded to 
a strain of 'about O.OO8 less -than the maximum recorded strain under load. 


LOCAL-ELONGATION TESOS 
Procedure 


Photogrid measurements (reference 6) were made on two longitudinal 
and two transverse tensile specimens from a sheet of each thlclmees. 

The specimens corresponded to specimens of type 5 described in reference 
2. The photogrid negative was made from the master grid described in 
reference 1, The speoi^ns were coated with cold top enamel'. This has 
been found to be less critical with respect to exposure time than the 
photoengraving glue mentioned in reference 6, The prints wore also 
usually easier to measure near the frectura. The specimens were held in 
Templin grips and were fractured in a testing machine at a cross-head 
speed of about 0,1 inch per minute. Measurements of grid spacing were 
made by the technlq,ue described in reference 1. 


Graphs 

The local elongations in percent of the original spacing, plotted 
against the distance before test from one end of the gage length, are 
shown in figures 29 tb 3^. The fracture in each case occurred in the 
grid spacing in which the greatest elongation took place. 

The elongations in percent of the original gage length wore computed, 
for various gage lengths from the local-elongation data. These values 
are plotted against gage length in figures 35 to 4o. The gage lengths 
were plotted to a logaritbmio scale to present a large range of values on 
a single graph. 


National. Bureau of 'Standards 

'Washington, D, C., June 28, 19^ 
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Figure 1.- Dimensionless Stress -str*ain gi’aphs. Alclad 75S-T sheet, longitudinal 

specimens 0.032 inch thick. 
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Figure 3.- Dimensionless stress -strain graphs. Alclad 75S-T sheet, longit udi n a l 

specimens 0.064 inch thick. 
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Figure 7.- Limits of dimensionless tensile stress -strain graphs. Alclad 75S-T 

sheets 0.032, 0.064, and 0.125 inch thick. 
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Figure 8.^ Limits of dimensionless compressive stress-strain graphs. AlcXad 75S-T 

sheets 0.032, 0.064, and 0.125 inch thick. 
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Figure 9.- Dimensionless stress -deviation graphs. Alclad 75S-T 
sheet, longitudinal specimens 0.032 inch thick. E, Young’s 
modulus; s^, secant yield strength (0.7E); Sg, secant yield 

strength (0.85E). 
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Figure 10.- Dimensionless stress -deviation graphs, Alclad 75S-T 
sheet, transverse specimens 0.032 inch thick. E, Young’s 
modulus; Sj^, secant yield strength (0.7E); Sg, secant sdeld 

strength (0.85E). 
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Figure 11,- Dimensionless stress -deviation graphs. Alclad 75S-T 
sheet, longitudinal specimens 0.064 inch thick. E, Young’s 
modulus; s^, secant yield strength (0.7E); S 2 , secant yield 

strength (0.85E), 
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Figure 12.- Dimensionless stress -deviation graphs. Alclad 75S-T 
sheet, transverse specimens 0.064 inch thick. E, Young’s 
modulus; s^^, secant yield strength (0.7E); Sg, secant 3 deld 

strength (0.85E). 


NAG A TN No. 1385 




■ WI MHIlHIHWHl MB i aM IHlMMHIH 


2 



■BIBBIBIBH 




■BBaaiBBaa 




■BBIHBIBBI 



■HHHBBMHHHHBIBHBBHnHnHH 

■BBIBIBBII 




■BHBBBH 



BBiHBBBIHBBHHHBBHRBBBIHBHM 

■BHBIBBII 




■■■■■■■■ 




■■■■■■■■ 







■■■■■■■■■■■■■■fflliBHIIBHIW 





■■■■■■■I 

■bhhBbu 



■BIBHBBn 

■■■■■■■II 

■■■■■■■II 

■■■■■■■II 








s/s 


22 


NACA TN No. 1385 



6 * e - a 


Figure 14.- Dimensionless stress -deviation graphs. Alclad 75S-T 
sheet, transverse specimens 0.125 inch thick, E, Young’s 
modulus; s^, secant yield strength (0.7E); Sg, secant yield 

strength (0.85E). 
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Figure 15.- Dimensionless compressive tangent modulus graphs. 
Alclad 75S-T sheet, longitudinal specimens 0.032 inch thick. 
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Figure 16.- Dimensionless -compressive tangent modulus graphs. 
Alclad 75S-T sheet, transverse specimens 0.032 inch thick. 
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Figure 17.- Dimensionless compressive tangent modulus graphs. 
Alclad 75S-T sheet, longitudinal specimens 0.064 inch thick. 
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Figure 18.- Dimensionless compressive tangent nmdulus graphs, 
Alclad 75S-T sheet, transverse specimens 0,064 inch thick. 
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Figure 19.- Dimensionless compressive tangent modulus graphs. 
Alclad 75S-T sheet, longitudinal specimens 0.125 inch thick. 
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Figure 20.- Dimensionless compressive tangent modulus graphs. 
Alclad 75S-T sheet, transverse specimens 0.125 inch thick. 
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Figure 21,- Limits of dimensionless compressive tangent modulus 
graphs, Alclad 75S-T sheets 0.032, 0.064, and 0.125 inch thick. 
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Figure 22.- Dimensionless compressive reduced modulus graphs, 
rectangular sections. Alclad 75S-T sheet 0.032 inch thick. 
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Figiire 23.- Dimensionless compressive reduced modulus graphs, 
rectangular sections. Alclad 75S-T sheet 0,064 inch thick. 
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Figure 24.- Dimensionless compressive reduced modulus graphs, 
rectangular sections, Alclad 75S-T sheet 0.125 inch thick. 
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Figure 25.- Limits of dimensionless reduced modulus graphs for 
rectangular sections. Alclad 75S-T sheets 0.032 , 0.064, and 
0.125 inch thick. 
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Figure 26.- Curves of tensile stress -strain 
tests to failure. Alclad 75S-T sheet 0.032 
Inch thick. 
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Figure 27.- Curves of tensile stress -strain 
tests to failure. Alclad 75S-T sheet 0.064 
inch thick. 
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Figure 28.- Curves of tensile stress -strain 
tests to failure. Aiclad 75S-T sheet 0.125 
inch thick. 




Local elongation, percent Local elongation, percent 


NACA TN No. 1385 


31 


80 
60 
40 
20 

0 .5 1.0 1.5 2.0 

Distance from one end of gage length, in. 










1 







Spec. Tensile 
no. strength 

kips/in.® 

• T7L 79.7 

o T8L 79.5 







































• 




o 











. 



















o 




1 













• 





















• 

« 1 



o 

o 

> 









v._NACA,.^ 








t 

• 


• 



>p*o 

r * 


od 

5^ 

S 






* 

* 

5 

* 

o 






_ 









* 



Figure 29.- Local elongation. Alclad 75S-T sheet, longitudinal 
specimens 0.032 inch thick. 
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Figiore 30.- Local elongation. Alclad 75S-T sheet, transverse 
specimens 0.032 inch thick. 
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Figure 31.- Local elongation. Alclad 75S-T sheet, longitudinal 
specimens 0.064 inch thick. 
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Figure 32.- Local elongation. Alclad 75S-T sheet, transverse 
specimens 0.064 inch thick. 
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33.- Local elongation. Alclad 75S-T sheet, longitu d i n a l 
specimens 0.125 inch thick. 
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Figure 34.- Local elongation. Alclad 75S-T sheet, transverse 

specimens 0.125 inch thick. 
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Figure 35.- Graphs of elongation against gage length. Alclad 
75S-T sheet, longitudinal specimens 0.032 inch thick. 
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Figure 36.- Graphs of elongation against gage length. Alclad 75S-T 
sheet, transverse specimens 0.032 inch thick. 
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Figure 37.- Graphs of elongation against gage length. Alclad 76S-T 
sheet, longitudinal specimens 0.064 inch thick. 
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Figure 38.- Graphs of elongation against gage length. Alclad 75S-T 
sheet, transverse specimens. 0.064 inch thick. 
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Figure 39.- Graphs of elongation against gage length. Alclad 75S-T 
sheet, longitudinal specimens 0.125 inch thick. 
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Figure 40.- Graphs of elongation against gage length. Alclad 75S-T 
sheet, transverse specimens 0.125 inch thick. 
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